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A  multidimensional  descriptive  study  of  feline  malignant  lymphoma 


was  performed  using  age,  sex,  cell  type,  and  tumor  location  of  1,733  cases. 
The  Interactions  between  these  four  variables  were  determined  and  inter¬ 
preted.  Particular  consideration  was  given  to  the  relationships  of  age 
to  tumor  location,  age  to  sex,  and  tumor  location  to  cell  type.  These 
three  interactions  were  shown  to  be  the  major  Interactions  In  the  study. 

The  use  of  computer  analysis  of  the  multiway  frequency  table  was  discussed. 
Suggestions  were  offered  that  future  lymphoma  studies  utilize  the  multiway 
frequency  table  with  different  variables^-. 
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SUMMARY 


A  multidimensional  descriptive  study  of  feline  malignant  lymphoma 
was  performed  using  age,  sex,  cell  type,  and  tumor  location  of  1,733  cases. 
The  interactions  between  these  four  variables  were  determined  and  inter¬ 
preted.  Particular  consideration  was  given  to  the  relationships  of  age 
to  tumor  location,  age  to  sex,  and  tumor  location  to  cell  type.  These 
three  interactions  were  shown  to  be  the  major  interactions  in  the  study. 

The  use  of  computer  analysis  of  the  multiway  frequency  table  was  discussed. 
Suggestions  were  offered  that  future  lymphoma  studies  utilize  the  multiway 
frequency  table  with  different  variables. 
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Introduction 

Characteristics  within  a  diseased  population  can  sometimes  help  to 
define  the  disease  itself.  These  characteristics  or  variables  rarely,  if 
ever,  exist  without  some  mutual  association  to  each  other  or  to  other 
variables.  In  using  these  associations  or  interactions  as  a  foundation 
for  a  biological  hypothesis,  the  total  picture  becomes  more  complete  if 
one  examines  all  interactions  simultaneously.  Using  many  variables  in  a 
descriptive  study  tends  to  emulate  nature  more  closely,  but  the  issue  of 
explaining  the  interactions  becomes  more  difficult  if  too  many  variables 
are  used.  Since  data  in  general  has  a  quality  of  randomness,  it  follows 
that  the  more  variables  examined  in  a  population  study,  the  larger  the 
sample  size  should  be  to  assure  adequate  representation  of  those  variables. 

Malignant  lymphoma  is  considered  the  most  frequently  occurring  cancer 
in  cats.®’15  It  is  associated  with  a  virus.  Feline  Leukemia  Virus  (FeLV).2,12 
Since  its  discovery,  two  other  viruses  have  come  to  be  recognized  as  close 
relatives  of  FeLV.  Feline  cellular  DNA  has  been  shown  to  have  certain 

12 

parts  of  its  genetic  code  in  common  with  the  genomes  of  these  viruses, 

hence  the  place  of  FeLV  in  the  etiology  of  feline  malignant  lymphoma  is  not 

clear.  Studies  of  household  clusters  have  been  made  which  both  support7  and 
21 

refute  the  idea  of  horizontal  transmission  of  the  disease. 

The  age  related  incidence  rate  of  the  disease  is  bimodal,  peaking  at 
22 

around  2  and  10  years.  Males  have  a  two-fold  excess  in  incidence  over 

females.  Males  peak  in  Incidence  at  about  7  years  of  age.  Females  peak  at 

about  1  year.22  According  to  some,  malignant  lymphoma  has  certain  distinct 

cell  types. 6,15,19,23  Others  feel  the  various  types  are  manifestations  of 

6  15  23 

the  same  cell,  but  simply  In  different  stages  of  maturation.  ’  From 
the  standpoint  of  tumor  location,  the  Internal  form  (visceral)  is  much 
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15 

more  common  In  cats  than  the  multicentric  or  solitary  forms. 

Investigations  about  single  characteristics  of  a  disease  at  any  given 

time  are  valuable,  but  only  reveal  part  of  the  total  biological  interactions. 

A  method  of  simultaneous  examination  of  numerous  variables  exists  using  a 

3  5 

multiway  frequency  table.  *  This  study  presents  such  a  multidimensional 
analysis  using  the  multiway  frequency  table.  The  variables  involved  were 
age,  cell  type,  sex,  and  tumor  location. 


* 


Methods  and  Materials 


All  computer  procedures  in  this  study  were  done  using  BMDP7D,  BMDP3F, 

and  TUSTAT  11  'chi  square'.  The  study  was  conducted  using  the  records  of 

the  Alameda/Contra  Costa  Animal  Neoplasm  Registry.  A  complete  description 

20 

of  this  registry  is  presented  in  the  literature.  Tumor  submissions  were 

used  from  the  period  of  January  1970  to  December  1978.  A  total  of  2,437 

cases  were  submitted  during  that  period.  Each  case  was  categorized  by  sex 

(neutered  tfeamle;  female;  neutered  male;  male),  age  in  years,  tumor  location 

(abdominal;  thoracic;  multicentric),15  and  cell  type  (lymphocytic-well 

differentiated;  lymphocytic- poorly  differentiated;  histiocytic).1^  Seven 

hundred  nine  cases  did  not  have  complete  information  available  pertaining 

to  the  variables  involved.  Most  of  the  missing  information  concerned  cell 

types.  To  test  for  randomness  of  these  cases,  an  analysis  of  variance  was 

performed  (using  BMDP7D)  comparing  the  mean  ages  of  the  cases  grouped  by  the 

three  cell  types.  Those  without  a  specified  cell  type  were  designated  as  a 

fourth  cell  type  group.  This  analysis  showed  that  the  non-specific  group  did 

not  differ  from  the  others  in  terms  of  mean  age.  It  was  judged  from  this  that 

the  non-specific  cell  type  cases  were  randomized  sufficiently  to  allow  for 

their  disposal  without  biasing  the  complete  data  set. 

Age  was  then  transformed  into  a  discrete  variable  having  three  levels. 

These  levels  were  0-4  years,  5-8  years,  and  9  years  or  older.  These  intervals 

represent  young,  mid-age,  and  old  animals,  respectively,  and  represents  the 

22 

two  peaks  and  the  trough  of  the  bimodal  age-related  incidence. 

After  age  had  been  transformed,  the  multiway  frequency  table  was  created 
and  is  shown  in  Table  1.  It  consisted  of  108  cells,  all  of  which  had  non-zero 
frequencies  except  for  five  of  them.  To  guarantee  that  no  cell  would  have 
an  expected  value  of  zero,  a  fictitious  frequency  of  1  was  Inserted  into  each 


< 


of  these  five  cells.  It  seemed  intuitive  that  these  five  cases  would  not 
alter  the  final  conclusions.  The  multiway  frequency  table  now  had  1,733 
cases. 

In  the  work  presented  here,  the  following  codes  were  used  to  designate 
the  variables: 

(A)  age  (S)  sex  (C)  cell  type  (L)  tumor  location 
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Analysis  of  the  multiway  frequency  table  employed  the  use  of  BMDP3F.  * 

This  particular  program  tests  for  association  of  all  possible  combinations 
of  the  variables  (bivariate  and  more  complex).  In  the  planning  stages,  the 
rule  of  thumb  is  the  total  frequency  count  must  be  at  least  10  times  the 
number  of  cells  in  the  table.  Using  too  many  levels  for  each  variable  would 
increase  the  nunber  of  cells  and  possibly  cause  the  investigator  to  violate 
this  rule. 

o 

For  each  model  fit,  the  program  prints  a  goodness  of  fit  statistic,  G  . 

This  statistic,  for  large  samples,  is  asymptotically  equivalent  to  the 

2 

familiar  Pearson  Chi  square  statistic.  G  is  calculated  as: 

2  V~  (observed)  log 
cells 


Recall  the  Pearson  Chi  square  is: 

all 


cells 


(observed-expected) 

expected 


2 

G  is  computed  initially  for  the  complete  independence  model,  which  is  (A) 

(S)  (L)  (C)  in  this  study.  The  G  value  was  then  computed  for  each  model 

of  increasing  complexity  up  to  the  completely  saturated  model,  (ASLC).  As 

2 

the  models  tested  become  more  complex,  the  G  value  becomes  smaller  Indicating 

2 

a  somewhat  better  fit.  The  changes  in  G  between  adjacent  models,  with 


appropriate  degrees  of  freedom,  are  inspected  for  significance  using  a  Chi 


square  distribution  table. 

In  order  to  quickly  focus  in  on  several  models  which  might  be  the 

appropriate  one,  and  at  the  same  time,  eliminate  those  that  warrant  no  con- 

2 

sideration,  the  program  provided  a  G  for  the  complete  independence  model, 

(A)  (S)  (C)  (L);  the  all  possible  second  order  interactions  model,  (AS)  (AC) 
(AL)  (SC)  (SL)  (CL);  and  the  all  possible  third  order  interactions  model, 

(ASC)  (ASL)  (ACL)  (SCL).  The  program  indicated  the  independence  model  did 
not  provide  a  good  fit  for  the  data,  but  the  others  did.  Subsequent  efforts 
toward  finding  the  simplest  model  with  a  good  fit  consisted  of  fitting  models 
between  the  complete  independence  model  and  the  all  possible  second  order 
interactions  model. 

Finding  the  best  fitting  model  can  be  done  using  a  forward  or  backward 
stepwise  procedure.  In  the  present  analysis,  the  forward  stepping  procedure 
started  with  the  complete  independence  model.  At  each  step  a  two-factor 

interaction  was  added  to  the  model.  The  two-factor  interaction  selected  was 

2 

that  which  produced  the  most  significant  reduction  in  the  size  of  the  G 

obtained  for  the  model  of  the  previous  step.  The  selection  procedure  stopped 

at  that  step  when  no  remaining  two-factor  interaction  could  produce  a  statis- 

2 

tically  significant  reduction  in  the  size  of  G  .  The  backward  elimination 

procedure  started  with  the  all  possible  second  order  interactions  model.  Two- 

factor  interactions  were  removed  individually  in  a  stepwise  fashion  if  removal 

2 

failed  to  produce  a  statistically  significant  increase  in  the  G  obtained 

from  the  previous  step.  The  two-factor  interaction  selected  for  removal  at 

2 

each  step  was  that  which  made  the  least  impact  on  the  G  value. 

Once  a  model  was  selected,  the  next  hurdle  was  that  of  interpreting 
each  interaction.  Since  the  final  model  contained  nothing  higher  than  second 
order  interactions  (bivariate),  the  interpretation  was  enhanced  by  collapsing 
the  four-way  frequency  table  to  a  series  of  two-way  frequency  tables  and 
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performing  the  respective  two  dimensional  tests  for  association.  One-way 

analysis  of  variance  was  used  as  an  additional  tool  in  interpreting  the 

results.  When  statistically  significant  results  were  observed  with  the 

analysis  of  variance,  Scheffe's  procedure  for  multiple  pairwise  comparison 
19 

was  used.  The  formula  for  this  comparison  is: 

F  -  X?  ", X2 
‘  (K-l)  (MSW)  fl+  1  ; 

"i  V 

where  n  is  the  number  of  cases  in  each  group 
K  is  the  number  of  groups 

MSW  is  the  mean  square  within  (from  the  ANOVA  table) 

N  is  the  total  number  of  cases 
X  is  the  mean  age  for  each  group 

(This  F  statistic  is  considered  significant  and  rejects  the  assumption 
of  equality  between  the  two  groups  tested  if  it  exceeds  the  tabulated  F 
value  with  (K-l)  and  (N-K-l )  degrees  of  freedom.) 


— 
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Results 

Models  involving  the  third  and  fourth  order  Interactions  were  excluded 

2 

from  consideration  after  the  initial  screening.  The  G  for  the  all  possible 
second  order  interactions  model  was  insignificant  Indicating  a  good  fit. 

One  might  be  inclined  to  stop  here.  However,  if  there  was  a  simpler  model 
with  a  good  fit,  the  investigator  is  obliged  to  look  for  It. 

With  the  present  data,  a  slight  inconsistency  emerged  in  the  forward 
stepping  procedure.  The  search  for  the  model  went  through  five  steps, 
yielding  one  of  two  models: 

(AL)  (AS)  (LC)  (SC)  (AC)  (1) 

and 

(AL)  (AS)  (LC)  (AC)  (SL)  (2) 

Two  models  were  indicated  because  the  decision  at  step  4  between  Inclusion 
of  (SC)  or  (SL)  was  too  close  to  call. 

Using  the  backward  stepping  procedure,  the  selection  stopped  after  (SC) 
was  removed,  yielding  model  (2)  above.  In  light  of  this  uncertainty,  one 
might  be  inclined  to  use  either  model  above  or  the  model  with  all  six  inter¬ 
actions: 

(AL)  (AS)  (LC)  (AC)  (SL)  (SC)  (3) 

2 

It  should  be  pointed  out  that  major  reduction  in  G  at  step  1  of  the 

forward  stepping  procedure  could  have  been  made  by  including  any  of  the 

Interactions,  (AL),  (AS),  or  (LC)  in  the  model.  In  fact,  after  three  steps, 

these  three  interactions  were  all  Included  in  the  model.  The  point  being 

that  these  are  the  strongest  interactions  in  the  final  model.  The  remaining 

three  second-order  interactions  were  of  a  lower  magnitude  as  shown  by  their 
2 

lesser  impact  on  G  at  step  1. 
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Regardless  of  which  of  the  three  models  seems  appropriate,  explanation 

or  interpretation  of  each  second-order  interaction  in  the  model  is  the 

next  logical  step.  Tables  2-7  attempt  to  do  this  with  two-way  Chi  square 

13 

tests  for  association.  The  purpose  of  these  tables  was  to  show  how  the 
levels  of  one  variable  relate  to  the  levels  of  another  variable.  Each  cell 
of  Tables  2-7  is  bisected  with  a  diagonal  line.  The  number  above  that  line 
is  the  observed  frequency  for  that  cell.  The  number  below  that  line  is  the 
ratio  of  observed  frequency: expected  frequency.  In  many  of  the  tables,  a 
pattern  can  be  seen  in  a  row-wise  or  column-wise  fashion.  In  Table  2,  rows 
1,  3,  and  4  show  observed  frequencies  that  do  not  stray  that  much  from  the 
expected  frequency  (as  evidenced  by  the  observed: expected  ratio  being  close 
to  1)  with  the  exception  of  the  neutered  male/thoracic  cell.  Row  2,  however, 
is  inconsistent  with  the  rest  of  the  table  by  having  frequencies  less  than 
expected  in  the  first  two  cells,  and  more  than  expected  in  the  last  cell. 

It  is  this  inconsistency  that  produces  the  significant  association.  If  the 
three  tumor  locations  in  Table  2  had  the  same  frequency  pattern  regardless 
of  the  level  of  sex,  it  could  be  stated  that  neither  variable  affected  the 
other.  Hence,  there  would  be  no  association. 

More  specifically.  Table  2  indicates  that  female  patients  tend  to  have 
more  thoracic  tumors  than  expected  and  less  abdominal  and  multicentric 
tumors  than  expected.  Reconstructing  a  similar  table  without  the  female 
row  results  in  an  insignificant  Chi  square  value.  There  was  a  less  than 
expected  frequency  of  thoracic/neutered  male  patients,  but  not  enough  to 
cause  a  detectable  inconsistency. 

Table  3  indicates  the  intact  females  had  a  less  than  expected  frequency 
of  histiocytic  cell  type,  and  an  abundance  of  the  other  two  cell  types.  In 
a  manner  similar  to  Table  2,  Table  3  can  be  made  to  have  no  inconsistencies 
(and  consequently,  a  non-significant  Chi  square  value)  by  removing  the 
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Female  row. 

Tables  4,  S,  and  7  represent  the  Interactions  which  had  a  strong 
2 

Impact  on  the  G  statistic  during  the  forward  stepping  procedure.  Table  4 
shows  the  thoracic/histiocytic  cell  had  only  about  half  Its  expected 
frequency.  The  other  two  cell  types  seem  to  have  substantially  more  than 
their  share  in  the  thoracic  category. 

In  Table  5,  the  association  is  also  strong  but  somewhat  more  difficult 
to  Interpret.  Removal  of  the  first  column  and  last  row  was  required  to 
produce  a  non-significant  matrix.  Perhaps  the  interest  should  lie  with 
those  cells  having  observed: expected  ratios  substantially  different  from  1. 
There  is  an  abundance  of  old  abdominal  and  young  thoracic  patients  and  a 
shortage  of  mid-age  and  old  thoracic  patients. 

Table  7  illustrates  an  interesting  fact.  A  non-significant  matrix 
was  produced  by  removing  rows  1  and  3,  the  iwo  neutered  rows.  The  pattern 
of  the  two  intact  rows  was  that  of  an  abundance  in  the  first  column  and  a 
shortage  in  the  other  two  columns.  Not  only  was  the  pattern  of  the  two 
neutered  rows  dissimilar  to  the  intact  rows,  they  were  dissimilar  to  each 
other. 

In  Table  6,  the  pattern  for  the  first  and  third  rows  seems  to  show  an 
abundance  in  the  first  cell  and  a  shortage  in  the  last  cell.  The  histiocytic 
row  reverses  this  pattern. 

Analysis  of  variance  was  also  used  to  illustrate  the  relationship  between 
age  and  the  other  three  variables.  In  order  to  do  this,  age  was  treated  in 
its  original  form,  that  of  a  continuous  variable.  In  Table  8,  the  analysis 

of  variance  indicated  an  inequality  somewhere  between  the  group  mean  ages. 

19 

Employing  pairwise  multiple  comparisons,  the  histiocytic  group  proved  to 
have  a  mean  age  unequal  to  the  others.  In  this  case  the  histiocytic  group 
was  approximately  one  year  older  than  the  other  two. 


Summarizing  Table  9,  each  tumor  location  group  had  a  statistically 
different  mean  age  from  the  other  two  groups.  Thoracic  tumor  patients  were 
the  youngest,  abdominal  tumor  patients  were  the  oldest,  with  multicentic 


in  between. 

The  analysis  of  variance  was  also  significant  in  Table  10.  Pairwise 
comparison  of  the  groups  indicated  the  two  intact  groups  shared  a  common  age, 
and  the  two  neutered  groups  also  had  equal  mean  ages.  A  contrast  then  re¬ 
vealed  that  the  common  mean  age  of  the  intact  groups  was  different  from  the 

common  mean  age  on  the  neutered  groups.  Such  contrasts  are  formed  by  a 

19 

Scheffe's  confidence  interval  of  the  form: 


v^2  -  Vi  :  (K-l)  (HSU)  h.Ki,  J] 


K 

r  II 

LNi 


where  C?  represents  the  square  of  the  weight  for  a  given 
group  in  the  contrast. 


Discussion 


The  first  fact  that  emerged  from  the  BMDP3F  program  application  was 
that  there  were  no  third  order  interactions  in  the  model.  Thus,  each  bi¬ 
variate  combination  had  a  particular  pattern  which  did  not  depend  on  any 
given  level  of  a  third  variable. 

It  is  a  general  impression  among  many  observers  that  most  young  cats 
with  lymphoma  show  involvement  of  the  anterior  mediastinun  or  thymus.® 

Table  5  shows  there  are  more  young  thoracic  patients  than  is  expected,  as 
evidenced  by  the  increased  observed: expected  ratio  in  that  particular 
frequency  cell.  Perhaps  the  development  of  abdominal  or  multicentric 
lymphoma  requires  longer  exposure  to  certain  agents  and/or  environmental 
factors;  something  which  can  only  come  with  age.  In  fact,  there  is  a  definite 
abundance  of  old  abdominal  cases  and  a  much  less  than  expected  number  of  old 
thoracic  cases.  Since  the  terms  young,  mid-age,  and  old  have  different 
definitions  in  various  situations,  the  biomodal  age  peaks  mentioned  earlier 
were  used  as  guides  for  the  transformation  of  age  from  a  continuous  variable 
to  a  discrete  variable.  In  the  analysis,  age  produced  a  significant  Chi 
square  value  (as  a  discrete  variable)  as  well  as  a  significant  F  ratio  (as  a 
continuous  variable)  when  it  was  cross  classified  with  each  of  the  other 
three  variables.  This  supports  the  choice  of  age  Intervals  used  in  the 
transformation. 

In  examining  the  effect  of  sex  on  the  other  three  variables,  It  was 
found  that  sex  does  not  assune  a  male/ female  effect  (Tables  7  and  10),  but 
rather  a  neutered/intact  one.  According  to  Table  10,  neutered  animals  were 
approximately  two  years  older  than  Intact  animals  at  the  time  of  diagnosis. 
Feline  mortality  data  collected  by  the  animal  neoplasm  registry  Indicates  that 
lifespan  appears  to  be  biologically  extended  In  neutered  cats.  Therefore,  It 
is  possible  that  either  the  disease  starts  later  in  neutered  animals,  or 
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progresses  slower  In  such  animals.  On  the  other  hand,  assuming  the  disease 
is  of  an  infectious  nature,  it  has  been  suggested  that  transmission  of  the 
disease  may  be  linked  to  sexual  activity  which  could  be  explained  by  the 
close  and  frequent  contact  between  unaltered  animals.  In  Table  2  and  3,  the 
sex  effect  was  that  of  intact  female  vs  all  other  sex  categories.  Perhaps 
if  a  third  order  interaction  had  occurred  in  the  model,  some  light  would  be 
shed  as  to  why  the  intact  female  group  stands  in  contrast  with  the  other 
three  sex  categories  when  cross  classified  with  cell  type  and  tumor  location. 

Tables  2,  4,  5,  and  9  indicate  that  thoracic  tumors  are  totally  or 
partly  involved  in  the  statistical  significance  of  each  respective  table. 

This  might  be  a  reflection  of  T  cell  activity.  One  study  has  shown  multi¬ 
centric  and  thymic  (thoracic)  lymphoma  to  involve  primarily  the  paracortical 
and  thymus-dependent  areas  (T  cell)  of  lymphoid  tissues.  FeLV  is  known 

to  have  an  influence  on  the  immune  response  system  as  indicated  by  increased 

16  2 

allograft  retention  time.  *  These  facts  are  supportive  for  future  multi¬ 
dimensional  studies  which  involve  B  vs  T  cell  as  one  of  the  variables.  Indi- 

9  1 

cator  systems  for  identifying  B  and  T  cell  are  described  In  the  literature.  ’ 

The  Rappaport  classification17  shows  histiocytic  and  lymphocytic  cell 
types  as  having  separate  developmental  pathways.  Throughout  this  study,  with 
only  one  exception  (Table  6,  middle  column),  the  histiocytic  cell  type  was 
contrasted  with  the  other  two  cell  types.  This  is  seen  when  examining  the 
observed: expected  ratios  contained  in  Tables  3,  4,  and  6.  In  Table  8,  the 
mean  age  of  the  histiocytic  group  is  significantly  different  from  the  other 
two.  Recall  that  tumor  locatlon.-cell  type  (LC)  made  a  strong  entry  into  the 
model.  In  Table  4,  the  observed  .-expected  ratios  indicate  a  shortage  of 
histiocytic-thoracic  patients.  If  one  accepts  the  Idea  of  the  three  cell 
types  being  stages  of  the  same  cell,  this  shortage  could  be  due  to  the  cells 
developing  faster  in  the  thoracic  cavity,  giving  the  diagnostician  less  chance 
to  see  the  histiocytic  form  at  that  site.  On  the  other  hand,  if  one  does  not 


accept  the  developmental  Idea,  most  of  the  thoracic  cases  could  be  considered 
thymus-dependent,  which  would  preclude  them  from  being  histiocytes.  Caution 
must  be  exercised  about  making  hard  and  fast  statements  about  cell  types, 
however,  since  such  classification  are  many  times  a  subjective  matter. 

The  multidimensional  model  might  suggest  the  Interaction  of  viral  sub- 
11  18 

groups.  ’  One  study  suggests  that  no  correlation  exists  between  viral 
types  and  tumor  locations.11  Another  study  suggests  correlation  of  geo¬ 
graphical  area  and  tumor  location.4  Still  other  studies1®*8  suggest  the 
viral  types  have  affinity  for  different  cell  populations.  A  three  dimensional 
study  using  a  multiway  frequency  table  could  show  interactions,  if  any  exist, 
between  viral  type,  tumor  location,  and  geography. 

One  could  speculate  at  length  about  all  the  possible  reasons  for  various 
Interactions  In  the  model  here.  It  might  be  appropriate  to  accept  the  model 
at  face  value  and  attempt  to  find  similar  patterns  in  other  species. 
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Conclusion 

The  three  main  Interactions  found  In  the  study  were  age  and  tumor 
location,  age  and  sex,  and  tumor  location  and  cell  type.  These  Interactions 
pointed  out  that  (1)  age  and  tumor  location  may  show  some  association  with 
B  or  T  cell  activity,  (2)  the  effect  of  sex  on  age  Is  expressed  In  terms 
of  neutering,  and  (3)  thoracic  lymphoma  tends  to  be  lymphocytic  In  general 
rather  than  histiocytic.  The  distributions  and  Interactions  lend  strength 
and  support  to  the  concepts  of  both  vertical  and  horizontal  transmission. 
Additional  questions  are  also  posed  by  the  data  which  could  lead  to  further 
studies  concerning  etiology,  sex  effects,  and  immunologic  aspects. 


TABLE  1 


Multiway  frequency  table  of  1,753  cases  of  feline  lymphosarcoma 
grouped  by  age,  sex,  cell  type  and  tumor  site. 


Site 

Cell 

Sex 

Young 

Age 

Riddle 

DTa 

Mult 

Well 

NF 

30 

6 

10 

F 

18 

4 

2 

NM 

28 

13 

7 

M 

32 

2 

2 

Hist 

NF 

51 

13 

17 

F 

26 

4 

4 

NM 

70 

36 

31 

M 

49 

11 

14 

Poor 

NF 

17 

8 

6 

F 

19 

5 

1 

NM 

28 

26 

12 

M 

25 

8 

2 

Abd 

Well 

NF 

17 

7 

12 

F 

11 

2 

6 

NM 

23 

19 

18 

M 

23 

3 

4 

Hist 

NF 

28 

22 

31 

F 

27 

6 

8 

NM 

67 

57 

36 

M 

44 

21 

16 

Poor 

NF 

18 

8 

12 

F 

25 

2 

8 

NM 

40 

17 

17 

M 

30 

5 

4 

NF 

25 

2 

2 

F 

38 

1 

1 

NM 

34 

6 

2 

M 

32 

4 

1 

NF 

16 

3 

5 

F 

15 

2 

1 

NM 

21 

8 

2 

M 

20 

1 

1 

NF 

31 

3 

2 

F 

28 

6 

1 

NM 

36 

13 

3 

M 

17 

9 

2 

Poor 


TABLE  2 


Neutered 

Female 

Female 

SEX 

Neutered 

Male 

Male 


Bivariate  relationship  of  tumor  location  to  sex.  Number  above 
diagonal  in  a  given  cell  is  the  observed  frequency.  The  number 
below  the  diagonal  is  the  ratio  of  observed  frequency: expected 
frequency. 


LOCATION 

Multi centric  Abdominal  Thoracic 

- 7 - 7* - 


Chi  square"  29.0236  with  6  d,f.  CP  < .05) 

Removal  of  second  row  produces  a  Chi  square  of  6.908  with  4 
d.f.  (P  >.05) 


TABLE  3 


Bivariate  relationship  of  sex  and  cell  type.  The  number  above 
diagonal  in  a  given  cell  is  the  observed  frequency.  The  number 
below  the  diagonal  is  the  ratio  of  observed  frequency: expected 
frequency. 


CELL  TYPE 


TABLE  4 


Bivariate  relationship  of  cell  type  and  tumor  location.  The 
number  above  the  diagonal  In  a  given  cell  Is  the  observed 
frequency.  The  number  below  the  diagonal  Is  the  ratio  of 
observed  frequency,  expected  frequency. 

TUMOR  LOCATION 

_ Multicentric  Abdominal  Thoracic 


Removal  of  the  thoracic  col  iron  produces  a  Chi  square  of  2.27 
with  2  d.f.  (P  >.05) 


TABLE  5 


Bivariate  relationship  of  age  to  tumor  location.  The  number 
above  the  diagonal  in  a  given  cell  is  the  observed  frequency. 
The  number  below  the  diagonal  is  the  ratio  of  observed  fre¬ 
quency;  expected  frequency. 


AGE 

Young _  Middle  Age  _ Old 


Removal  of  first  colunn  and  last  row  produces  a  Chi  squire  of 
7  m  w-lth  1  d.f  (P  >  051 


TABLE  6 


Well 

Differentiated 


Histiocytic 
CELL  TYPE 


Poorly 

Differentiated 


Bivariate  relationship  of  age  to  cell  type.  The  nunber  above 
the  diagonal  in  a  given  cell  Is  the  observed  frequency.  The 
nunber  below  the  diagonal  is  the  ratio  of  observed  frequency: 
expected  frequency. 


AGE 


TABLE  7 


Bivariate  relationship  of  sex  to  age.  The  mmber  above  the  dl 
agonal  In  a  given  cell  Is  the  observed  frequency.  The  number 
below  the  diagonal  Is  the  ratio  of  observed  frequence :expected 
frequency. 


AGE 


Chi  square55  90.35  with  6  d.f.  (P  <.0 5) 


Removal  of  rows  1  and  3  (neutered  rows)  produces  a  Chi  square 
of  2.24  with  2  d.f.  (P  >.05) 


TABLE  8 


Analysis  of  variance  of  age  grouped  by  cell  type. 


Well  Differentiated 

Histiocytic 

Poorly  Differentiated 

Mean  Age  4.054  yrs 

Mean  Age  5.16  yrs 

Mean  Age  4.347  yrs 

Group  Size  446 

Group  Size  781 

Group  Size  501 

Std.  Dev.  3.917 

Std.  Dev.  4.128 

Std.  Dev.  3.844 

F  ratio=  12.775 

D.F.=  2,1725 

TABLE  9 

Analysis  of  variance  of  age  grouped  by  tumor  location. 


Multi centric 

Abdominal 

Thoracic 

Mean  Age  4.651  yrs 

Mean  Age  5.706  yrs 

Mean  Age  2.753  yrs 

Group  Size  637 

Group  Size  694 

Group  Size  397 

Std.  Dev.  3.848 

Std.  Dev.  4.357 

Std.  Dev.  2.815 

F  ratio*  73.87 

D.F=  2,1725 
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